Abstract: We present our ongoing work on superconducting NbN-nanowire photodetectors, which deliver both high speed (<30 ps timing resolution) and high detection efficiency (>50% at 1550 nm), promising access to new regimes in ultrafast photon counting applications.
Superconducting nanowire single photon detectors (SNSPDs) show promise as high-speed single photon counters at visible and IR wavelengths. [1] [2] [3] [4] . Possible applications include high data rate, interplanetary optical communications [3] , quantum key distribution, laser radar, and integrated-circuit testing [5] . In this work, we summarize our progress in developing this technology. We have investigated and quantitatively modeled their electrical operation, and we have integrated an optical cavity structure onto our devices, increasing their detection efficiency at 1550 nm to values greater than 50%.
The detection principle is as follows [1] . The nanowire is biased with a DC current just below the critical current (above which the wire no longer superconducts). A photon absorbed by the wire excites electrons, locally disrupting the superconductivity in a small "hotspot" region (fig 1a) , and forcing the supercurrent to divert around this region (fig 1b) . If the wire is narrow enough, the local current density around the hotspot is forced to increase, and can exceed the critical value, producing additional nonsuperconducting regions (fig 1c) . This results in the formation of resistive bridge across the whole wire, and an output voltage (fig 1d) . Since these nanowires are only 100 nm wide, a "meander" structure must be used to subtend a large enough area for efficient optical coupling, as shown in (1e). Our model for the electrical operation of the device is shown in Fig 2a [4] . The present readout scheme involves connecting the detector to a 50Ω transmission line, indicated by the load resistor in the figure. The kinetic inductance [4] of the device is also shown, which for our nanowires is orders of magnitude larger than the ordinary magnetic inductance, and proportional to the total wire length. For the device of Fig. 1e , the total length is 50 µm, yielding a kinetic inductance of ~ 50 nH. Detection of a photon corresponds to the switch opening, after which the wire has a large resistance (>>50Ω) due to the non-superconducting region of Fig. 1d . As shown in Fig. 2b , the current is then diverted into the load producing a sharp rising pulse edge. Once the current in the wire has dropped nearly to zero, the wire cools back down and becomes superconducting again, after which the current recovers with a time constant τ = L k /50Ω; for the device of Fig. 1e τ ~1 ns.
We have verified this behavior experimentally, by illuminating devices with optical pulse pairs. By measuring the conditional probability of detecting both pulses as a function of delay between pulses, we obtain the instantaneous detection efficiency as a function of time after a detection event, as shown in The most important limitation to the single-photon detection efficiency of these detectors is illustrated in Fig. 3a : the absorption of an incident photon from above the detector is strongly limited both by Fresnel reflection and insufficient thickness of the film. To avoid this problem, we have succeeded in integrating on each device a coupling structure as shown in Fig. 3b [6] . With photons incident from the back, through the sapphire substrate, this structure increases the absorption in the detector through an interference effect: the thickness of the glass spacer (~200 nm for our devices) is chosen so that destructive interference occurs between waves reflected from the sapphire/nanowire interface and those reflected from the gold mirror. From a sample of ~130 individually tested detectors, we obtained a maximum DE of 57%, with a median of 47%. The high detection efficiency and speed of these devices make them ideally suited for high-sensitivity, high-data rate photon-counting optical communications. With a single detector we have recently demonstrated 781 Mbit/s, limited primarily by the reset time described above [3] . We are currently developing technology for fabricating and reading out arrays of these detectors, which should provide access to even higher data rates.
